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RAY JAY DAVIS*

Atmospheric Water Resources
Development and International
Law
ABSTRACT
Internationallegal principles, when appliedto atmosphericwater
resources devlopment by cloud-seeding, support dedication of weather
modification technology to the benefit of mankind; advocate internationalcooperationin seeding technology transfer;urge nations to
recordseeding activitiesand reportthem to the WorldMeteorological
Organization, to notify countries which might be affected by cloudseeding within their jurisdiction or control, to conduct diplomatic

consultations with them ifrequested to do so, and to facilitate internationalcooperation and agreements concerning weather modification; advise countries to conduct environmental impact assessments
of seeding; and direct payment of damagesfor any harm caused.
There are seven or eight categories of phenomena in the world that
are worth talking about, and one of them is the weather.'
In a symposium about the hydrologic cycle and international law, it is
useful to discuss atmospheric water resources development as well as
surface water and groundwater. Augmenting usable water supplies through
weather modification also can give rise to international legal issues. Weather
and its alteration fit a symposium issue awash in talk about other portions
of the hydrologic cycle. This paper discusses the international legal issues
raised by atmospheric water resources development in the context of a
set of draft recommendations prepared nearly a dozen years ago at a
United Nations conference at Geneva, Switzerland.
Human beings long have sought to influence the weather. Native Amercans have a time-honored tradition of rain dances.2 Australian aborigines
whirl a so-called "bull roarer" on a tether to produce rumbling sounds
*Professor, J. Reuben Clark Law School, Brigham Young University, Provo, Utah.
i. A. Dillard, Pilgrim At Tinker Creek 49 (1974).
2. Recognizing the cultural significance of rain dancing, the Oklahoma weather modification
statute allows administrative exemption from its license and permit provisions for "religious ceremonies, rites or acts and American Indian or other cultural ceremonies which do not utilize chemical
or mechanical means to alter weather phenomena and which are not performed for profit." Okla.
Stat. Ann. tit. 82 § 1087.8 (4) (West Supp. 1990).
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not unlike thunder and thereby enhance precipitation.' Benvenuto Cellini
fired a cannon at rain clouds and claimed credit for initiating a premature
storm which saved a later papal procession from unwanted dampening."
At the behest of San Diego city officials in 1916, Charles Hatfield built
a 24-foot log tower just outside town where he set out some batches of
his secret moisture-accumulator concoction. Even though a deluge followed, the city refused to pay because the council did not want to admit
Charlie was the real McCoy and invite legal liability for harm from the
floods.'
Modern atmospheric water resources development owes its origin to
Vincent Schaefer, a General Electric (GE) Company scientist, who in
July 1946 discovered that introduction of dry ice grains into a cold box
triggered fallout of ice crystals. Bernard Vonnegut, another GE scientist,
discovered that silver iodide, which has a similar crystal structure to ice,
could also serve effectively as an agent to induce precipitation. Under
the direction of Nobel Prize winner Irving Langmuir, the experiment Was
taken out-of-doors on November 13, 1946, when an airplane flown from
the Schenectady, New York, airport carried Schaefer aloft where he created the first man-made snowstorm by dispensing about three pounds of
dry ice into a cloud over Pittsfield, Massachusetts.' Rather than depending
upon supernatural intervention or sound, Schaefer and his colleagues had
proceeded from knowledge of cloud physics principles to induce precipitation.
Following publicity of the General Electric work, other groups, universities, and individuals in the United States and abroad became involved
with cloud-seeding experiments or commercial projects. A catalogue prepared in 1985 lists more than 750 weather modification projects conducted
throughout the world in the four decades following Schaefer's discovery.'
3. See J.Abbie, The Original Australians 155 (1969). The earliest reference to weather modification in Australian legal periodical literature suggests that "it might perhaps from all points of view
better be left as heretofore in the relatively safe hands of the darker inhabitants of our continent."
Harry, Another Headache, 26 Austl. L.J. 527 (1953).
4. The redoubtable Cellini's memoirs' account of this episode from his checkered career are
discussed in Ward, Artificial Rain, 8 Am. Meteor. Soc'y J.484 (1892). For accounts of blasting
the clouds to induce rainfall in Australia, see A. Shields, Australian Weather ill (1965): and in the
United States, see Lyons, Weather or Not, 8 Ariz. Q. 5, 6 (1966).
5. C. Osgood, Nothing Could Be Finer Than A Crisis That Is Minor In The Morning 162-63
(1979). Based upon an enduring character in American folklore, N. Richard Nash's play "The
Rainmaker" delightfully portrays a Hatfield-type entrepreneur from whom no mid-western nubile
female nor pocketbook were safe.
6. B. Havens, J.Jiusto & B. Vonnegut, Early History Of Cloud Seeding (1978), reprintedin 13
J.Weather Mod. 14-88 (1981). See also Vonnegut, HistoricalNote on the Nucleation ofIce Formation
by Silver Iodide, 50 Bull. Am. Meteor. Soc'y 248 (1969); Schaefer, The Natural and Artificial
Formationof Snow in theAtmosphere, 29 Transactions Am. Geophys. Union 492 (1948); Vonnegut,
The Nucleation of Ice Formation by Silver Iodide, 18 J. Appl. Phys. 593 (1947).
7. C. Todd & W. Howell, World Atlas And Catalog Of Reported Results Of Precipitation Management By Cloud Seeding 1 (1985). The authors of the Atlas suggest that they probably were unable
to obtain data on all weather modification projects conducted throughout the world. Id. at ii.
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These activities, which undertook to do more than just talk about weather
phenomena, can be divided into two overlapping categories: precipitation
enhancement and severe weather moderation. Atmospheric water resources development through rainmaking and snow-making forms the
first category. It is the subject of this paper. Fog, lightning, and hail
suppression and tropical storm treatment fall into the second category,
but they too may have impacts on precipitation.'
In establishing a reporting requirement for weather modification activities, Canadian federal legislation distinguishes between scientific seeding
based upon post-1946 technology and other forms of efforts to change
the weather. It defines "weather modification activity" to include "any
action designed or intended to produce, by physical or chemical means,
changes in the composition or dynamics of the atmosphere for the purpose
of increasing, decreasing or redistributing precipitation, decreasing or
suppressing hail or lightning, or dissipating fog or cloud." 9 This definition
has three elements: (1) by focusing upon efforts to alter weather phenomena, it deals with short-term events rather than with long-term climate; (2) its thrust is activities designed to change weather, rather than
adaptation to weather through housing, clothing, water conservation, etc.;
and (3) inadvertent weather modification resulting from the urban heat
island effect, altering land surface to change its natural interaction with
the lower boundary of the atmosphere or air pollution,"0 is placed outside
the scope of the definition by use of the words "designed or intended to"
and "purpose." The Canadian definition is representative of the usual
approach to the scope of the term "weather modification.""
Reacting to reports of weather modification projects in many countries
throughout the globe, the United Nations Environment Programme (UNEP),
8. For discussion of the relationship between hail suppression and rainfall modification, see S.
Changnon, R. Davis, B. Farhar, J. Haas, J. Ivens, M. Jones, D. Klein, D. Mann, G. Morgan, S.
Sonka, E. Swanson, C. Taylor & J. Van Blokland, Hail Suppression Impacts And Issues 83-86
(1977).
Hail suppression projects have been the most controversial type of weather modification undertakings. This has been at least in part the result of lay perception by some persons in and around
areas treated with hail suppression that rainfall is decreased by seeding designed to reduce hail
damage. id. at 40-61. For evaluation of hail suppression impacts on precipitation, see id. at 66-71
Some projects have been designed with the intent to reduce hail losses and stimulate rainfall. See,
e.g., Pellett, Leblang & Schock, Evaluation of Recent Operational Weather Modification Projects
in the Dakotas, Rep. 77-1 N.D. Weather Mod. Bd. (1977); Miller, Boyd, Schleusener & Dennis,
Hail Suppression Data from Western North Dakota 1969-1972, 14 J. Appl. Meteor. 755 (1975).
9. Weather Modification Information Act, R.S.C. ch. W-5, §2 (b) (1985).
10. For discussion of the legal implications of the urban weather anomaly, see Davis, The Legal
Implications of Inadvertent Weather Modification: Metromex and the Law, Rep. to Nat'l Sci. Found.

(1990).
11. See. e.g., definitions used by the American federal government and National Weather Modification Policy Act of 1976 § 3 (3), 15 U.S.C. 330 (3) (1988).
The Journal of Weather Modification publishes each year a complete list of references to statutes
and regulations in the United States and Canada. Most of the legislation contains definitions of terms
used such as "weather modification." For the most recent list, see 22 J. Weather Mod. 168 (1990).
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in conjunction with the World Meteorological Organization (WMO), became involved in an effort to clarify international custom and law con-

cerning the interaction between countries with reference to weather
modification. Meteorological and legal experts chosen by WMO and
UNEP met in Geneva, Switzerland, in 1976 and 1978 and drafted a set

of "principles" for guidance of nations with respect to each other in
conduct of weather modification projects.' 2 In 1979, there was a followup meeting of experts designated by governments assembled in Geneva
to examine the "principles" of international conduct concerning weather
modification which had been developed at the previous meetings of experts. These were discussed, revised to constitute mere "recommenda-

tions" that should be taken into account by nations, and then recommended
to the respective governing bodies of WMO and UNEP for their consideration. 3 Although concerns about whether cloud-seeding science was

sufficiently advanced to warrant development of international legal norms
prevented WMO and UNEP from formal adoption of the recommenda-

tions,' 4 the statements developed at Geneva "represent expert views about
weather modification international law and are raw material for development of customary international law about cloud seeding."

5

The eight

draft recommendations from the document constitute the framework upon
which this paper has been built. In addition to describing how each
recommendation fits into current international law, this paper also explains

the technological setting for each proposal.
12. Report of WMOIUNEP Meeting of Experts Designated by Governments of the Legal Aspects
of Weather Modification, U.N. Doc. WMO/UNEP/WG.26 (1979) [hereinafter WMOIUNEP Report).
13. Id.
14. In preparation for the 1979 meeting, UNEP sent letters to member nations requesting comments
on the draft principles written by the meteorological and legal experts at their 1978 meeting. Many
of the responses took the position that international legal rules regulating the transnational aspects
of weather modification were premature. Only with further scientific development of cloud seeding
technology would they favor a set of legal principles. Id. Even alteration of the term "principles,"
which was used in the 1976 and 1978 versions, to the merely hortative word "recommendations"
as used in the 1979 report, appeared to be too strong for the WMO and UNEP bureaucracy which
chose not to submit the report to their respective governing bodies for formal action. Letter from
A. Wiin-Nielsen, WMO Executive Committee, to Nat'l Representatives to WMO (Nov. 26, 1980).
In view of this reticence by United Nations officialdom to venture further into the arena of
international control over weather modification, creating international machinery to deal with transnational impacts of weather alteration projects also seems premature. Nevertheless, academics have
rushed in where bureaucrats have feared to tread. See, e.g., Samuels, Prospective International
Control of WeatherModification Activities, 21 U. Toronto L.J. 222 (1971); Samuels, Draft Protocol
on WeatherModification, World Peace Through Law Center Pamphlet Series No. 15 (1970); Weiss,
Management of Weather and Climate Disputes, 3 J. Envtl. L. 275 (1983).
IS. Davis, WMOIUNEP Weather Modification InternationalLaw Principles, 12 J. Weather Mod.
127, 129 (1980). See also Davis, WMOIUNEP Draft Provisions on Co-operationAmong States on
Weather Modification, in 2 Proc. Third WMO Scientific Conf. On Weather Mod. 535 (1980).
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1. WEATHER MODIFICATION TECHNOLOGY DEVELOPMENT
Recommendation I. Weather modification should be dedicated to the
benefit of mankind and the environment.'
Although weather phenomena have been conversational topics throughout history, it was not until the early twentieth century that the first
workable theories were articulated about how nature forms precipitation.
There are two distinct processes. Cloud formation is the first process.
Clouds form when there is an adequate amount of water vapor in the
atmosphere, some cooling mechanism to bring air parcels to saturation
and beyond, and a sufficient number of microscopically small aerosol
particles to serve as nuclei upon which condensation of the vapor into
cloud droplets can begin. 7 The most frequent mechanism for cooling air
parcels to saturation is expansion of the air as it rises to higher altitudes
because of updrafts in cumulus clouds, slow lifting by winds flowing into
low atmospheric pressure areas, or lifting produced when air meets rising
terrain such as mountains. Radiation cooling is significant in formation
of fog and low stratus clouds. Whatever the cloud type, the quantity of
precipitation it can produce depends upon the intensity, vertical and horizontal extent, and longevity of the updraft. Most of the small aerosol
particles that serve as cloud condensation nuclei are either ammonium
sulfate in continental air masses or sea salts in maritime air masses.' s
Cloud droplets are very small. A typical raindrop is between one million
and ten million times the size of a cloud droplet. Unless they become
part of the precipitation process, cloud droplets will evaporate before
falling to the earth. Nature must perform a second atmospheric physics
process to convert the droplets into precipitation. In some maritime clouds,
where a few droplets tend to be larger initially than their fellows, collisions
and resulting coalescence of a relatively few of the "favored" larger
droplets causes them to grow sufficiently to develop a fall-speed advantage
to sweep up enough cloud droplets to become rain drops. 9
Most precipitation, however, is produced through an ice-crystal process
in supercooled clouds.' As cloud droplets are carried upward through
clouds, they are cooled below the nominal freezing temperature of zero
16. See also WMO/UNEP Report, supra note 12 at Recommendation VI; cf id. Recommendations
IV, V and VII.
17. 1 Weather Mod. Advisory Bd., The Management of Weather Resources: Proposals for A
National Policy and Program 36 (Rep. to Sec'y Comm) (1978) [hereinafter Weather Mod. Advisory
Bd.].
18. Id. at 37.
19. Id. at 37-38.
20. Id. at 38-40.
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degrees celsius--they are supercooled. Such supercooled water will freeze
when it contacts ice. Creation of ice-forming nuclei is made possible by
the presence of small (between .00002 and .00001 inches in diameter)
foreign particles or nuclei. Concentrations of ice-freezing nuclei vary by
a factor of more than a thousand within supercooled parts of clouds, and
their effectiveness also depends upon time exposure to given temperaturemoisture cloud conditions. If the right numbers of crystals are nucleated
in a supercooled cloud, the water from large numbers of cloud droplets
can be transferred to the crystals. Then the crystals can grow sufficiently
to fall, collide with each other or with cloud droplets, and .form snowflakes. The form of precipitation reaching the ground depends upon temperatures at lower altitudes. 2
Weather modification technology seeks to enhance precipitation efficiency. The coalescence process can be made more efficient by seeding
with salt or spraying with water.' The ice-crystal process can be altered
by introducing additional ice nuclei either through freezing particles by
dropping dry ice like Schaefer or by using silver iodide as did Vonnegut.
In so-called "static seeding," the strategy is to supplement an insufficient
number of natural ice-freezing nuclei so an adequate number of icecrystals will grow, fall out, and yield a maximum amount of precipitation.
If, however, too many crystals are nucleated, competition for available.
cloud water may prevent them from growing large enough to interact
with each other or cloud droplets.23
A second seeding strategy for treating supercooled clouds is one that
tries to increase a cloud's potential for precipitation by causing it to grow
larger than it would have naturally. This so-called "dynamic seeding"
strategy has been used primarily with cumulus clouds.24 As cloud droplets
21. Id. For other descriptions of cloud and precipitation formation, see L. Battan, Harvesting the
Clouds: Advances in Weather modification 31-58 (1969); L. Battan, Cloud Physics and Cloud Seeding
23-74 (1962); A. Dennis, Weather Modification by Cloud Seeding 28-63 (1980).
For general discussion of cloud physics, see J. Day & S. Stems, Climate and Weather 230-57
(1970); N. Fletcher, The Physics of Rainclouds (1966); B. Mason, Clouds, Rain and Rainmaking
(1962).
22. The University of Chicago atmospheric science group undertook to spray water from a B-17
aircraft to enhance precipitation. Obviously this was not very cost-effective., Atmospheric Science
Group, U. Chi., Cloud Physics and Rainmaking: Research Programs 21 (1957). For a discussion
of salt seeding, see D'Albe, Cloud Seeding Trials Using Common Salt, in Artificial Stimulation of
Rain 321 (H. Weickmann & W. Smith eds. 1957). Salt seeding work has continued in tropical
countries. See, e.g., Murty, An Overview of Warm Cloud Modification Research in India, 2 Proc.
Fifth WMO Scientific Conf. On Weather Mod. 521 (1989).
23. A. Dennis, supra note 21, at 72-80; see also, Weather Mod. Advisory Bd., supra note 17,
at 40-41.
For recent works on seeding agents, see 1 Proc. Fifth WMO Scientific Conf. on Weather Mod.
131-202 (1989).
24. A. Dennis, supra note 21, at 81-95; 1 Weather Mod. Advisory Bd., supra note 17, at 4142.
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freeze, they release latent heat which causes updrafts within the cloud
mass. The artificial nucleation accordingly can extend updrafts to greater
heights, with each air parcel therein cooled to lower temperatures and
more water condensed therefrom. 2
There is a considerable gap between understanding cloud physics principles and mounting a successful atmospheric water resources development project. Consider the kinds of variables involved-amount of
atmospheric moisture, cloud type, cloud dynamics, freezing mechanisms,
cloud droplet nuclei, and natural and artificial ice-forming nuclei. Cloud
seeders must understand weather conditions at the time and place of
treating clouds; they need to know whether meteorological conditions in
and around the project area offer a seeding opportunity. Also, cloud
seeders must use proper seeding agents-dry ice, water, salt, silver iodide,
or some other chemical agent. What is appropriate under one set of
conditions may well not be effective under other circumstances. The
seeding agents must be delivered to specific places within the cloudswhere there is adequate supercooled water-at the right time and in correct
amounts. Silver iodide is usually dispensed in a smoke form by burning
it in an acetone mixture in a ground-based generator and relying on
updrafts to take it aloft, by generators carried on airplanes, by ignited
flares dropped through clouds from planes, by use of rockets, or (in
Russia) by artillery. Forty years of laboratory and field experimentation
and demonstration and operational projects have added to engineering,
technological, and scientific knowledge about how to harness atmospheric
water resources.6
The global atmosphere is sufficiently integrated into one whole that it
is not unusual to regard it as a shared international resource." Weather
modification technology has been developed to tap that resource. Ac25. A. Dennis, supra note 21, at 81-95; 1 Weather Mod. Advisory Bd., supra note 17, at 4142.
The organization of professionals from different fields who are involved with cloud seeding is the
Weather Modification Association. That association has prepared a booklet using lay terms to describe
cloud and precipitation formation and static and dynamic seeding. Weather Modification Ass'n,
Weather Modification: Some Facts About Seeding Clouds (1984) (available from the association at
P.O. Box 8116, Fresno, Cal. 93747.)
26. Because of infinite variations in terrain and weather, it is not possible to produce a cookbook
of cloud seeding which would provide simple recipies for planning and operating cloud seeding
projects. Also, continued experimentation and review of data from commercial as well as experimental
projects provides ongoing accumulation of understanding about the atmosphere and precipitation
stimulation. Groups seeking to start weather modification projects can, however, obtain general
guidance on how to proceed from the Committee on Weather Modification of the Irr. & Drainage
Div. of the Amer. Soc'y Civil Engr. Guidelinesfor CloudSeeding to Augment Precipitation, 109 J.
Irrig. & Drain. Engr. 111-82 (1983), reprinted in 12 Water Res. J. 28-66 (Sept. 1983). See also
Weather & Climate Modification 227-384 (W. Hess ed. 1974).
27. See, e.g., Handl, National Uses of Transboundary Air Resources:The InternationalEntitlement Issue Reconsidered, 26 Nat. Res. J. 405 (1986).
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cording to the first recommendation from the WMO/UNEP meeting, weather
modification activities should seek to benefit mankind and the environment. Cloud-seeding to increase the world's available water resources
and to reduce adverse impacts from inclement weather is meant to meet
these goals.
H. INTERNATIONAL INFORMATION EXCHANGE
Recommendation II. Exchange of information, notification, consultation,
and otherforms of co-operation regardingweather modification should
be carried out on the basis of good faith, in the spirit of good neighbourliness, and in such a way as to avoid any unreasonabledelay either
in such forms or in carrying out weather modification activities."

Weather data exchange among nations is commonplace. For more than
a century, even reclusive countries have joined other nations in exchanging
observational data." Since 1968, the World Weather Watch has been the
comprehensive international mechanism for gathering and exchanging
meteorological data.-' This program, operated under the World Meteorological Organization, is intended to facilitate better weather forecasting.
Approximately 150 national weather centers transmit data to the World
Weather Watch. More than 20 regional centers and three global centers
process data."
Concerns over the state of the atmospheric environment have given
rise to studies of acid rain,32 the global warming or greenhouse effect,33
and ozone depletion.' The United Nations Environment Programme has
assumed a lead in gathering experts who exchange information and talk
of world-wide climate change and the environmental and social problems
28. See also WMO/UNEP Report, supra note 12, at Recommendations Ill, IV, V and VII; cf.
id., Recommendation Vill.
29. H. Daniel, One Hundred Years of International Cooperation in Meteorology, 1872-1973
(1973).
30. World Meteorological Organization, World Weather Watch: The Plan and Implementation
Programme 1976-1979 (1975).
31. Id.; see also World Meteorological Organization, The Essential Elements of World Weather
Watch (1966).
32. Studies of the phenomena and of legal responses which have been taken or suggested may
be found in G. Wetstone & A. Rosencranz, Acid Rain in Europe and North America: National
Responses to an International Problem (1983); 1. Van Lier, Acid Rain and International Law (1981).
33. Climate change and societal responses to it are considered in Societal Responses to Regional
Climatic Change: Forecasting by Analogy (M. Glantz ed. 1988); S. Gregory, Recent Climatic Change
(1988); W. Kellogg & R. Schware, Climate Change and Society: Consequences of Increasing
Atmospheric Carbon Dioxide (1981). See also 1979 Proc. WMO World Climate Conf.
.34. See. e.g., Angell, An Update through 1985 of the Variations in Global Ozone and North
Temperate Layer-Mean Ozone, 27 J.Appl. Meteor. 91 (1988). For differing views concerning ozone
depletion, see Rowland, Chlorofluorocarbons and the Depletion of Stratospheric Ozone, 77 Am.
Scientist 36 (1989), and F. Singer, My Adventures in the Ozone Layer, 41 Nat'l Rev. 34 (1989).
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it can engender. Scientific cooperation has been more evident than political cooperation."
Information about weather modification techniques, cloud seeding agents,
project evaluation, and prospects and promises for precipitation enhancement also has been freely exchanged throughout the world. Meteorological publications with information about weather modification are
internationally circulated.36 Numerous official reports are available.3'
Professional organizations hold regular meetings at which scientists and
technologists exchange information face-to-face. 8 WMO not only brings
together knowledgeable people at its Geneva headquarters, but also sponsors international conferences and publishes a series of weather modifi-

cation program reports.39
Recommendation II speaks of carrying out weather modification co-

operation "in the spirit of good neighbourliness." This language is founded
upon the notion that countries should not allow their territories to be used
in a way prejudicial to the rights of other nations. The good neighborliness
principle does not, however, specify guidelines describing what is sufficiently harmful to violate it.' Nor does it speak to a duty to act affirmatively. Recommendation II seeks to give firmer legal recognition of
current practice by the international weather modification community.
Perhaps the best known international cooperative project is WMO's
Precipitation Enhancement Project (PEP).4 It was proposed in 1974 and
launched in 1976. After a lengthy site-selection process, Spain was picked
as the location for an international rainfall stimulation experiment and a
35. For a summary of political waffling on acid rain control, see G. Wetstone & A. Rosencranz,
supra note 32, at 167-70. The United States took a step forward toward control of acid rain by
enacting Title IV of the Clean Air Act Amendments of 1990. 42 U.S.C. §§401-06 (Supp. 1991).
36. The Bulletin of the American Meteorological Society and the Journal of Applied Meteorology,
both published by the American Meteorological Society, 45 Beacon St., Boston, Mass., regularly
contain articles on weather modification and are internationally circulated. The Journal of Weather
Modification also has an international circulation.
37. One of the most comprehensive reports written for non.meteorologists is that of the Weather
Modification Advisory Board in accordance with the provisions of the National Weather Modification
Policy Act of 1976, 15 U.S.C. §330 (1988). See Weather Mod. Advisory Bd., supra note 17, at
41.
38. The American Meteorological Society has sponsored a series of international conferences on
weather modification. The proceedings from those conferences are a valuable source of information
about cloud physics and weather modification technology. See, e.g., Proc. First Conf. on Weather
Mod. (1968); Proc. Seventh Conf. on Weather Mod. (1979).
39. WMO's Weather Modification Program has issued 12 numbered reports since September
1984. It has sponsored five international scientific conferences on weather modification. See, e.g.,
Proc. Second WMO Scientific Conf. on Weather Mod. (1976); Proc. Fifth WMO Scientific Conf.
on Weather Mod. (1989) (2 vols.).
40. For discussion of the "good neighbourliness" principle, see I. Van Lier, supra note 32, at
103-10.
41. WMO, FirstSession of the Interim PrecipitationEnhancement Project Bd., PEP Rep. No.
1(1976).
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formal agreement was entered into between WMO and the Spanish government.42 Among many other topics, the agreement provided that the
Spanish government hold harmless from liability participating nations and
their employees for losses sustained by any person by virtue of weather
effects during the experiment. '3 More than a dozen countries have had
active roles in PEP and scientists from many others have shared the
knowledge gathered by the project."
Exceeding mere weather modification knowledge exportation, a number of countries have been involved in technology transfer. For example,
Soviet meteorologists have supplied the theoretical basis for hail suppression projects in eastern Europe. '5 Confirmatory experiments in hail
suppression have been operated in Switzerland and the United States
using Soviet seeding hypotheses. ' Australia, a cloud-seeding pioneer,47
provided training through its Commonwealth Scientific and Industrial
42. Agreement on PEP Between the World Meteorological Organization and Spain and Other
Member States of the World Meteorological Organization Participating in the Experiment (Jan. 22,
1979) [hereinafter Agreement on PEP].
43. Id. § 14. WMO member nations wishing to participate in PEP and subscribe to the agreement
were allowed to do so by delivering to the Spanish government a note stating their agreement to
participate and designating the agency of their government to be involved. Id. § 17 (a). By its terms,
the PEP agreement expired June 30, 1987. Id. § 19 (a).
44. Through August 1986, WMO had published 34 reports on PEP. See Synopsis of the WMO
Precipitation Enhancement Project-I1985. Report No. 34 (1986) (which outlined the history of the
project); WMO Training Workshop on Weather Modification for Meteorologist: Lecture Notes, Report
No. 13 (1979), (a significant document in the annals of cloud seeding technology transfer).
45. The USSR has been one of the leaders in weather modification. For accounts of Soviet efforts
into the early 197 0s, see Fedorov, Modification of Meteorological Processes, Weather & Climate
Modification, supra note 26, at 387: Sulakvelidze, Kiziriya & Tsykunov, Progress ofHail Suppression
Work in the USSR, id. at 410. For a more recent paper on Russian weather modification, see
Ashabokov, Fedchenko & Shugunov, Method for Evaluation of Economic Efficiency of Hailstorm
Seeding Operations, I Proc. Fifth WMO Conf. on Weather Mod. 391 (1989).
The Bulgarians have worked with the Russians in setting up the hail suppression program in that
Balkan nation. Simeonov, Some Investigations on Hail Suppression Efficiency in Bulgaria, 2 Proc.
Fifth WMO Conf. on Weather Mod., supra at 617.
46. The Swiss experiment is discussed in Federer, Waldvoget, Schmid, Schweingrubber, Stahel,
Bader, Der Megreditchian & Venuto, Main Results of Grossversuch IV, 25 J. Appl. Meteor. 917
(1986). For discussion of the American experiment, see Foote, Wade, Fankhauser, Summers, Crow
& Solak, Results of a Randomized Hail Suppression Experimentation Northeast Colorado, 18 J.
Appl. Meteor. 1601 (1979). Statistical tests of these hail suppression experiments have not been
encouraging. This has led to a call to use hail-days as the experimental unit rather than hail cloud
cells, and to extend the experimental period beyond the five years used in the Swiss Grossversuch
project. Dessens, A Lesson from Grossversuch IV on the Use ofRandomization in Hail Modification.
I Proc. Fifth WMO Conf. on Weather Mod. 387 (1989).
47. The beginning and hey-day of Australia's weather modification experimentation are recounted
in G. McBoyle, Weather Modification: Australia's Role in the World Scene (1980) and Smith, Cloud
Seeding in Australia Weather and Climate Modification, supra note 26 at 432. The state of Victoria
enacted a weather modification law in 1967. Rain-Making Control Act of 1967, Act. No. 7637,
1968 Vict. Acts 707. See Davis, The Law of Precipitation Enhancement in Victoria, 7 Land & Water
L. Rev. 1 (1972). For a report on a current precipitation enhancement project in Victoria, see Long,
The Melbourne Winter Storm Cloud Seeding Experiment for Urban Water Supply Augunentation, I
Proc. Fifth WMO Conf. on Weather Mod. 73 (1989).
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Research Organization to persons from several third world nations and
other countries interested in weather modification." People from South
Africa came to Canada to observe weather modification activities in Alberta and to obtain information helping them set up their own project.4
Several American corporations involved in weather modification and
other meteorological business have sold their capabilities on a worldwide basis. North American Weather Consultants, Atmospherics, Inc.,
Colorado International Corporation, Irving Krick Associates, and others
have done work throughout the world. Generally, their approach has been
to plan a project, get it started, train local personnel how to operate it,
and then leave it to them. During the 1980s, weather modification has
not prospered in the United States to the extent earlier predictions indicated it would. A world market for their expertise has been the economic
salvation of the American companies. Their well-travelled operatives have

taken their skills to where the market is."
When foreign countries have come calling to the United States for
technological assistance, often they have been referred to the United States

Agency for International Development (AID). That agency for many years
took the position that it would not assist cloud-seeding technology transfer, but rather would help developing nations manage their water resources
in such other ways as AID felt were more appropriate. 5 This policy was
altered in the mid- 1980s. The change probably was due more to political
pressure than to conversion to weather modification, and it has not led
to wholesale AID cloud-seeding assistance to other nations. AID has,
48. For a number of years, the Australians held annual courses for their own people and foreigners.
For an illustration of instruction materials used, see Fifth Course of Instruction in Cloud-Seeding
Techniques (1970).
49. Mather, The Nelspruit Program-Historyand CurrentStatus, Proc. Tenth Conf. on Weather
Mod. 348 (1986).
The Intera Corporation is a leading Canadian weather modification operator. It has completed
projects in 85 countries and currently operates its various meteorological service businesses with
over 500 employees. Intera Technologies, Ltd., Intera, Alberta, Canada (1990).
For an account of technology transfer by the French to Africa, see Bauder, Dessens & Lacaux,
Observations Carried Out In An Equatorial ForestAfter Silver Iodide Seedings from A Ground
Generator, 18 J. Weather Mod. 10 (1986).
50. For accounts of operations abroad by Atmospherics, Inc., see Henderson, The HailSuppression
Programin Greece, 18 J. Weather Mod. 51 (1986); Warburton, What's Going On Around the World,
Proc. Eleventh Ann. Meeting North American Interstate Weather Mod. Council 95 (1984). Among
the countries in which Atmospherics Inc. has designed, implemented, and operated field programs,
are Australia, Chile, Dominican Republic, Greece, India, Kenya, Nambia, Philippines, Republic of
South Africa, and Sudan. Atmospherics Inc., An International Company that Looks at the Weather
...
And Does Something About It! 15 (1990). Colorado International Corporation activities are
noted in Davis, CIC OperationalProjects in Europe and North Africa, Proc. Ninth Ann. Meeting
North Am. Interstate Weather Mod. Council 1 (1982).
51. The policy was originally expressed in a State Department Document, State CA-7984, Aug.
5, 1972, and reiterated in an AID Circular sent Aug. 19, 1975, to all American diplomatic and
consular posts. See Memo from G. Shay, Nat'l Res. Council, Office of Int'l Affairs to Participants
in Discussion Seminar on Precipitation Management (Nov. 19, 1983).
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however, cooperated with the U.S. Bureau of Reclamation in lending
assistance to Morocco to establish a cloud-seeding program.52 A helping
hand also has been extended to Thailand."
In contrast to the diplomats' reluctance to wade into the weather modification thicket, the U.S. Navy Department has on several occasions
provided drought relief seeding abroad. Its activities in the Canary Islands,
Barbados, and the Philippine Islands have been more consistent with the
spirit of Recommendation It than has been AID timidity.'
III. RECORDING AND REPORTING WEATHER
MODIFICATION ACTIVITIES
Recommendation III. States should gather and record technical and scientific information on weather modificationactivities. They shouldensure
that such information is made available to WMO which should continue
to prepare and distribute appropriate reports on weather modification
activities."
Specific, complete, and accurate information is critical to successful
weather modification. Projects cannot be planned adequately without a
meteorological profile of the target area which is intended to be treated.
Since seeding is effective only during certain weather conditions and only
by using the right seeding agents and injecting them at the correct times
and places given the meteorological circumstances, cloud seeders must
use full instrumentation to recognize seeding opportunities and carry out
successful seeding activities.' Some state weather modification regulators
have made rather specific administrative rules concerning instrumentation
project operators must employ to gather meteorological data."' Also, cloud
seeders must know what sort of materials they are releasing, where, when,
and in what quantities.. They need this data to conform to their operational
plans. Additionally, sufficient data must be collected and analyzed to
evaluate projects. Both the cloud seeder and the sponsor paying for an
52. Bensari, Benarafa, Loukah, Benassi & Mrabet, ProgrammeAl Ghait-DesignandEvaluation
of A Weather Modification Program in Morocco, 2 Proc. Fifth WMO Scientific Conf. on Weather
Mod. 533 (1989).
53. Surakul, Warit, Khantiyanan & Silverman, The Thailand Applied Atmospheric Resources
Research Program, id. at 567.
54. See, e.g., St.-Amand, Reed, Wright & Elliot, GROMET II, Rainfall Augmentation in the
PhilippineIslands, Rep. No. NWC TP 5097, Naval Weapons Center, China Lake, Cal. (May 1971);
St.-Amand & Elliot, How to Seed Cumulus Clouds, 4 J. Weather Mod. 17 (1972).
55. See also WMOIUNEP Report, supra note 12, at Recommendation V; cf. id. at Recommen.
dations II, IV and VII.
56. D. Griffith, Seeding Modes and Instrumentation, 12 Water Res. J. 49 (1983).
57. See e.g. I1. Admin. Code tit. 68, § VI (1978). The Illinois regulatory system is discussed in
Ackermann, Changon & Davis, The New Weather Modification Law for Illinois, 55 Bull. Am.
Meteor. Soc'y 745 (1974).
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operation need adequate information to evaluate seeding effectiveness.'
Records also are kept in order to comply with reporting statutes and
*administrative regulations. The United States government has shied away
from passing legislation imposing licensing requirements for American
cloud seeders or subjecting seeding projects to permit rules.59 American
states in which cloud seeding activities have taken place do that.0 But
the federal government has enacted a reporting law and has promulgated
administrative rules mandating recording seeding data and reporting it. 61
According to Public Law 92-205, which was passed in 1971, any person
or organization performing weather modification activities in the United
States, other than a federal employee or contractor, must submit to the
Secretary of Commerce such reports, in such form and containing such
information as the Secretary may prescribe by rule.62 Subsequently, federal agencies agreed that they and their contractors also would comply
with the reporting requirement.6 3 The law also required the Secretary to
keep records of weather modification activities taking place in the United
States and at intervals publish summaries of them." Although initially
these reports were published separately, for most of the time since the
58. Although there are numerous long-running weather modification projects, a more common
pattern has been for projects to be conceived, implemented, and expire over a relatively short time
period. Interest seems to peak during droughts-when conditions are not auspicious for successful
seeding--and then dwindle during wet times. As one federal program official puts it, "Interest in
cloud-seeding is soluble in a drop of water." Particularly with non-governmental commercial projects,
there is the "third-year syndrome." Even reluctant neighbors in target areas are willing to help
seeding supporters pay for the first year; during the second year neither they nor other potential
payers are very willing to cough up contributions unless there is persuasive data about the effectiveness
of the project-something that cannot be produced in a short period; and then during the third year
not enough supporters will contribute for the project to be continued-it dies of the "third-year
syndrome." D. Griffith, supra note 56, at 52-53.
59. For discussion of efforts during, the 1950s and 1960s to bring about federal regulation, see
Johnson, FederalOrganizationfor Control of Weather Modification, 10 Nat. Res. J. 222 (1970).
At least in part, the federal abdication of an overt regulatory role was the result of internecine warfare
among federal agencies over which would be the "lead agency" dealing with weather modification.
For a study of the conflict between the Department of Commerce, Department of the Interior, and
the National Science Foundation, see Changnon & Lambright, The Rise and Fall of FederalWeather
ModificationPolicy. 19 J. Weather Mod. 1 (1987).
60. State regulation of weather modification in the United States is discussed in Davis, Weather
Modification Law Developments, 27 Okla. L. Rev. 409 (1974); Davis, State Regulation of Weather
Modification, 12 Ariz. L. Rev. 35 (1970). For a list current as of January 1, 1990 of weather
modification laws and regulations in force in Canada and the United States, see 22 J. Weather Mod.
161, 168-71 (1990).
61. 15 U.S.C. 330-330(e) (1988) and 15 C.F.R. §§908.1-908.21 (1990). Some states accept a
copy of the federal report from cloud seeders as sufficient to satisfy their reporting requirement.
E.g., Utah Admin. R. 630-5-1 (1989). Other states have their own reporting form which is rather
similar to the federal one. E.g., 7 Colo. Code Regs. § 2-401-1 (1986).
62. 15 U.S.C. 330(a) (1988).
63. Charak & DiGiulian, Weather ModificationActivity Reports: November 1, 1972 to December
31, 1973, 6 J. Weather Mod. 318 (1974).
64. 15 U.S.C. 330(b) (1988).
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reporting requirement has been in place, they have been published annually in the Journal of Weather Modification.6'
Regulations of the Secretary of Commerce designate the National Oceanic
and Atmospheric Administration as the report-collecting agency.' There
must be an initial report, annual reports, and a final report on each project.
To report the data required, operators must keep a daily log on which
they enter the date of each weather modification activity, position of each
seeding aircraft or location of each item of weather modification apparatus, times when the activity started and ended, type of seeding agent
used, rate of dispersal and total amount used, predominant types of weather
phenomena during seeding times, type and altitude of clouds seeded,
meteorological conditions in the target area and any control area during
seeding periods, all measurements made of precipitation, and any unusual
results. 67 These records must be retained and kept available for government inspection for five years." A report form on which the required
information can be submitted is available from the government.
Other countries also have data recording and reporting requirements.
For example, the Canadian federal government has a law and rules quite
similar to the government of the United States.' In many countries weather
modification activities are performed by government entities or by contractors working for them. The agencies keep records of their work and
require seeders working for them to do likewise. The consequence of all
of this record keeping and reporting is that some national agency or
department will have cloud-seeding data in all of the nations in which
weather modification activities are taking place.'
For most of the past two decades, the World Meteorological Organization has maintained a Register of National Weather Modification Projects. The WMO secretariat sends all member countries a questionnaire
each September. The secretariat tabulates he responses, indicating which
countries reported that weather modification activities had taken place
within the reporting period and which replied that there had been none,
65. See, e.g., 22 J.Weather Mod. 161, 164-67 (1990), which summarizes weather modification
activities reported to the Department of Commerce during 1988 and graphs trends from 1978. There
was a decline in the number of Amercian project activities reported from 1978 (about 1,700) to 1988
(just over 500). Also, the number of target area acres declined during that period from nearly 78,000
to around 56,000. The leading states in terms of covered areas in 1988 were Utah (17,300), Kansas
(12,000), North Dakota (10,000), California (10,000), Texas (5,500), and Nevada (2,400). Id.
66. 15 C.ER. §908.1 (1990).
67. 15 C.F.R. §908.8 (1990).

68. 15 C.F.R. 908.9 (1990).
69. Weather Modification Information Act, R.S.C. ch W-5 (1985); Weather Modification Infor.
mation Regulations, Can. Cons. Regs. (1924).
70. For use in their deliberations, the WMO/UNEP conferees had a document giving guideline;
for national legislation. This material, which was prepared by a consultant and based upon existin:
national laws, regulations, and practices, contained a reporting requirement. WMOIUNEP Report,
supra note 12, at Recommendation 111.
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and providing a list of addresses of the national reporting agencies from
which further information can be obtained. There have been I1 WMO
register reports thus far; the current one published in December 1988
tabulates data reported in response to the 1987 questionnaires and covers
the year 1986."'
In 1986 there were reported weather modification activities in 23 nations. 7'The information in the reports included the WMO register number
for each project, objectives and type of organization sponsoring each
project, approximate size of project target and control areas, name and
location of projects, year projects commenced and their continuity, nature
of the sponsoring organizations, seeding apparatus and locations, seeding
agents and dispersal rates, characteristics of clouds treated and seeding
criteria, dates of seeding activities during the reporting period, and any
documentation such as a cost/benefit analysis or environmental impact
study." Thus the information reported is fairly complete but is not current
and does not include evaluation of seeding consequences.
IV. NOTIFICATION OF WEATHER MODIFICATION ACTIVITIES
Recommendation IV. States should, eitherdirectly or through WMO, and
to the extent possible, give adequate and timely notification to all concerned States of prospective weather modification activities under their
jurisdiction or control, which are likely to have an effect on areas within
the nationaljurisdictionof such concerned States.74
Recommendation IV calls upon countries under whose jurisdiction or
control weather modification activities take place to notify affected nations. This is consistent with a basic principle of customary international
law which imposes an obligation upon nations to warn other countries
of dangerous conditions of which they are aware. The Corfu Channel
Case is the basic International Court of Justice decision in which this
principle is expressed. It noted that:
The obligations incumbent upon the Albanian authorities consisted
in notifying, for the benefit of shipping in general, the existence of
a minefield in Albanian territorial waters and in warning the approaching British warships of the imminent danger ... Such obligations are based ... on certain general and well recognized
principles, namely: elementary considerations of humanity, even more
exacting in peace than in war; the principle of freedom of maritime
communication; and every State's obligation not to allow knowingly
71. World Meteorological Organization, Register of National Weather Modification Projecs (1988)
(WMOITD-No. 208).
72. Id.

73. Id. at 2-3.
74. See also WMO/UNEP Report, supra note 12, at Recommendation VI.
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its territory to be used for acts contrary to the rights of other States....
In fact, nothing was attempted by the Albanian authorities to prevent
the disaster. These grave omissions involve the international responsibility of Albania.75

There is a practice of nations of extending notice of such varied activities
as naval maneuvers, nuclear testing, water diversions from international
streams, and Antarctic expeditions. Although these notification practices
stem from various sources, they are indicative of international custom of
notification about activities that can have some adverse impact upon the
legitimate interests of another country.'
The scope of the Recommendation is hedged by its terms. Notification
is to be given "to the extent possible." What countries do not know about
prospective seeding activities is not included. As has been noted, there
are mechanisms through which sooner or later national authorities will
learn of weather modification activities, 7 but it is possible that they will
be unaware of some cloud seeding until after the fact. Also, only weather
modification activities which are "likely to have an effect" that is transnational need be reported. As will be discussed,7" evaluation of the effect
of weather modification activities is a tricky business. Projects on or near
international boundaries may well be widely viewed as having an impact
across them, and others at great distance from borders may rather easily
be seen as having no such effect, but inevitably some projects will be of
75. Corfu Channel (U.K. v. Alb.) 1949 1.C.J. 4, 22, 43 Am, J. Int'l L. 558, 570 (June 3, 1949).
76. See Lake Lanoux Arbitration (France v. Spain), 24 I.L.R. 101 (November 16, 1957). The
Lake Lanoax Arbitration involved a diversion from an international river. It will be discussed infra
at note 149. For other materials on non-navigational uses of water courses, see I Y.B. Int'l L.
Comm'n 218 (1986); 2 Y.B. Int'l L. Comm'n 113-34 (1986). With respect to atomic testing, see
Nuclear Test Ban Treaty, Aug. 5, 1963, 14 U.S.T. 1313, T.I.A.S. No. 5433. Antarctic expeditions
are dealt with in the Antarctic Treaty, Dec. 1, 1959, 1961, 12 U.S.T. 794, T.I.A.S. No. 4780, 402
U.N.T.S. 71 (Effective June 23, 1961).
77. See supra, text at Note 70.
78. See also discussion of Recommendation V, WMO/UNEP Report, supra, note 12 at Recommendation V.
79. Hail suppression seeding in mountainous regions along international borders may be viewed
as having a downwind effect. Since 1952, ANELFA has been operated by the French in the Pyrenees
foothills. This ground generator-based project has been regarded by the French as significantly
decreasing hail. See ANELFA, Report on 1988 Hail Suppression Operations (1989). See also,
Dessens, Up to Date Results of the French Hail Prevention Project With Ground Generators, in
Proc. First European Conf. of the Weather Mod. Ass'n Sess. 5A (1985). Although there have been
no Spanish objections, proximity to the international boundary suggests that there could be. Davis,
TransboundaryLegalAspects of HailSuppression, Proc. First European Conf. of the Weather Mod.
Ass'n Sess., supra at Sess. 1.
Anti-hail suppression litigation in the United States has involved opponents whose lands were
farther from the seeding than Spain from the ANELFA project. See. e.g., Southwest Weather
Research, Inc. v. Rounsaville, 320 S.W.2d 211, (Tex. Civ. App. 1958), and Southwest Weather
Research, Inc. v. Duncan, 319 S.W.2d 940 (rex. Civ. App. 1958), both aff'd sub noa. Southwest
Weather Research, Inc. v. Jones, 160 Tex. 104, 327 S.W.2d 417 (1959); Pennsylvania Natural
Weather Ass'n v. Blue Ridge Weather Modification Ass'n, 44 Pa. D. & C.2d 749 (C.P. Fulton Co.,
Pa. 1968).
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such nature that international effect will be in the eye of the beholder.
Most weather modification activities take place either on the surface
of a country's territory or in the atmosphere above it and therefore are
"under its jurisdiction." Such would be the case in instances of atmospheric water resources development. Cloud seeding to augment precipitation and enhance streanflow takes place on and above a country's land
surface. Recommendation IV, however, also seeks to reach other activities-those which are under a nation's control although outside its boundaries. This part of the Recommendation was inserted to cover cyclone
seeding over the high seas. Such seeding is intended to reduce damage
from the storm surge as such hurricanes and typhoons come ashore. The
theory is that, through treating storm eyewalls with massive doses of
silver iodide, winds can be moderated somewhat. But hurricanes are
erratic, unexpectedly shifting course. Possibly, seeded storms may skirt
areas dependent upon rain associated with tropical storms for an important
percentage of their precipitation.s' To comply with Recommendation IV,
nations which might be so affected should be notified.
The United States is party to two arrangements which deal with the
notification requirement. The United States and Canada have an executive
agreement for transmitting to the other party "as soon as practicable"
information relating to weather modification activities of mutual interest
acquired through their reporting mechanisms or by whatever manner. 8
There are two comments in the agreement about the meaning of "as soon
as practicable." First, there is an undertaking, whenever possible, to
provide the information "prior to the commencement of such activities."
And second, the agreement anticipates that in any event, "such information will be transmitted within five working days of its receipt" by the
reporting agency."2 That, of course, could be long after the seeding has
taken place. Hail suppression efforts in central Alberta have been reported
by the Canadians and cloud seeding in North Dakota has been reported
by the Americans. Since both of these projects have been operated for a
number of years, both countries have had advance knowledge of the
seeding across the international boundary."
80. Roberts, We're Doing Something About the Weather!, 141 Nat'l Geographic 518, 545 (April
1972).
81. Executive Agreement Relating to the Exchange of Information on Weather Modification
Activities, March 26, 1975, United States-Canada, art. 11(1), 26 U.S.T. 540, T.I.A.S. No. 8056.
82. Id., article VI. The article which deals with emergency seeding and provides for notification
as soon as practicable after the activity has started. Id.
Article VII stipulates that nothing in the agreement is meant "to imply the existence of any
generally applicable rule of international law." Id., article VII.
83. The North Dakota project is discussed in Rose & Jameson, EvaluationStudies of Long-Term
Hail Damage Reduction Programs in North Dakota, 18 J. Weather Mod. 17 (1986). The Alberta
program is discussed in Humphries, English & Renick, Weather Modification in Alberta, 19 J.
Weather Mod. 13 (1989).
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The other notification arrangement in which the United States participates on a regular basis is the WMO Register. Because of the time lag,
it does not fit within the precise contours of Recommendation IV, but as
in the case of Canadian-American information exchange, for projects that
are known to continue from year to year it does give some advance
information."
During the decade between 1961 and 1971, the United States seeded
four hurricanes as part of Stormfury-Americas, a joint venture of the
Department of Commerce and the Department of Defense."5 When Stormfury was established, a decision was made to give annual notice to Caribbean countries and other potentially affected nations of the American
intent to conduct hurricane seeding. During 1967 through 1971, the State
Department sent telegrams to those nations asking the addressees to respond if there were objections to seeding plans. Apparently no responses
were received. No foreign countries, however, were given specific advance notice at the time of specific seeding runs.' Of course the countries
potentially impacted did know of the impending storms. During 1968
through 1972, meetings were held with foreign representatives in hurricane-prone areas primarily to discuss the hurricane warning service and
disaster relief. But briefings also were given on the planned Stormfury
seedings. Although there were no serious adverse reactions, various fears
were raised which the Americans sought to allay."'
Recommendation IV gives nations the alternatives of giving direct
notification or providing notice through WMO. The notice through WMO
alternative was not inserted on the assumption that responding to the
annual questionnaire from which the Register is compiled would meet
the notice requirement. Rather, it was designed to take care of the situation
in which seeding might have an impact on a neighbor with which the
seeding country had no diplomatic relations. Israel has had a long-running
84. Firmly established programs near international boundaries include the North Dakota statewide seeding program discussed by Rose & Jameson, supranote 83; and the French hail suppression
program, supra note 79. Downwind Canadians and Spanish can anticipate that during each seeding
season there will be weather modification activities across their borders.
85. Environmental Research LAboratories, Program Development Plan: Stormfury-Americas: 19761978, at 5 (1975). For histories of hurricane seeding, see Gentry, HurricaneModification. Weather
and Climate Modification, supra note 26,at 497; Committee on Atmospheric Sciences, Nat'l Research
Council, Weather & Climate Modification: Problems and Progress 106 (1973).
Langmuir's General Electric team seeded a hurricane. "Project Cirrus"-The Story of Cloud
Seeding, 1952 G.E. Rev. 8, 22-23. However, on advice of counsel, the company withdrew from
the hurricane modification business. A. Rosenthal, H. Kom & S. Lubman, Catastrophic Accidents
in Government Programs 30 (1963).
86. Memorandum from William Mallinger, Ass't. Manager for Field Res. Operations, Nat'l
Oceanic & Atmos. Admin., to Merlin Williams, Acting Dir. of Weather Modification, Environmental
Res. Laboratories (Feb. 13, 1976).
87. Id. See also report from R. Gentry, Dir. Nat'l Hurricane Res. Lab. (May 25-28, 1972) (trip
to Mexico City to participate in Hurricane Preparedness Seminar).
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and highly regarded cloud seeding program which is an integral part of
its water resources development program." Representatives at the Geneva
meeting specifically noted the Israeli seeding program in their discussions
of the indirect notification alternative."

V. WEATHER MODIFICATION INTERNATIONAL
IMPACT ASSESSMENT
Recommendation V. States should ensure that an assessment is made of
the environmentalconsequences of prospective weather modification activities under their jurisdiction or control which are likely to have an
effect on areas outside their nationaljurisdiction, and, either directly or
through WMO, make the results of such an assessment available to all
concerned States."
Weather modification is, has been, and apparently always will be controversial. One underlying reason for this is the lack of information about
climate and weather phenomena. We may like to talk about the weather,
but we do not know all that much about it. Data collection is a relatively
recent occurrence in human history, and even now in the era of radar,
computers, and sophisticated instrumentation, the data collection network
throughout the world is only dense enough for national weather services
to give generalized information and predictions. The picture of past and
present climate and weather will never be totally complete. 9
Enough is known, even from casual observation, to be aware that there
is constant variation in weather and climate. Climatologists speak of
cycles, but do not always agree about which part of such cycles governs
current phenomena or will control future events. Accordingly, baseline
information against which weather modification impacts can be measured
may not be very strong.92 Hydrologic and other impacts of precipitation
consequently also will not be completely understood.
There is no question but that cloud seeding alters the microphysical
properties of clouds. That much has been demonstrated in laboratories
88. Gabriel & Rosenfeld, The Second Israeli Rainfall Stimulation Experiment: Analysis of Precipitationon Both Targets, Tech. Rep. 89/02, Dep't Statistics, Univ. Rochester (1989); Rosenfeld,
The Divergent Effects of Cloud Seeding Under Different Physical Conditions in Israeli I and 2
Experiments, Rep. Dep't Atmospheric Sci., Hebrew Univ. (1989).
89. WMO/UNEP Report, supra note 12, at Recommendation I.
90. See also id. at Recommendations In and VI.
91. Even in the United States, weather modifiers speak in terms of limitations upon necessary
basic data. See, e.g., Vardiman & Moore, Generalized Criteriafor Seeding Winter Orographic
Clouds, II Skywater Monograph No. I (Bur. of Reclamation 1977).
92. J. Hobbs, Applied Climatology 112-70 (1980); Kutzbach, The Nature of Climate and Climatic
Variations, 6 Quaternary Res. 471 (1976).

NATURAL RESOURCES JOURNAL

[Vol, 31

and seeding field tests.93 Precipitation from treated clouds can be measured, but in absence of a dense network of rain gauges and, in the case
of snowpack augmentation projects, snow pillows, the amounts may not
be adequately measured. " The main evaluation problem, of course, is
linking precipitation with alterations in cloud properties. Researchers have
worked hard to surmount this "black box" problem of what takes place.9
Determining seeding impact upon precipitation essentially is deciding
what would have happened "but for" the seeding and comparing that
with what actually did take place. There are various ways of doing this.'
One is to compare seeded precipitation measurements with historical or
other precipitation data. The ever-changing weather cycle makes reliance

upon this dangerous; the comparison may be between the apples of a dry
year and the oranges of a wet one. Another approach is to compare data
from the project target area with results in some untreated control area.
This, though, presumes that the seeding material really did have an effect
in the target area and did not contaminate the control area, that the two
areas were meteorologically similar, and that data from the two areas
were indeed parallel. Rather than stratifying seeding on a geographical

basis, it can be done on a time basis-seeding only part of the storms in
an area and not seeding others, and then comparing results. However,
there should be a great deal of data so that statistics gathered will be

adequate to represent comparable situations. Also, storm systems are not
stationary and an evaluation will be compromised if certain types of storms
were unusually frequent during one period and storms of a different type
took place during another. Additionally there could be bias in selection
or treatment of data. Another type of evaluation is to establish rules for
recognizing a seedable event and then making random decisions whether

to seed or not. Various types of randomization are used in experimental
weather modification to produce statistically sound data. Any project,
93. See, e.g., Super & Boe, Microphysical Effects of Winter Time Cloud Seeding With Silver
Iodide over the Rocky Mountains. PartII: Observations over the GrandMesa, Colorado, 27 J.
Appl. Meteor. 1166 (1989); Super & Heimbach, MicrophysicalEffects of WinterTime CloudSeeding
With Silver Iodide over the Rocky Mountains. Part1: Observationsover the BridgerRange, Montana,
27 J. Appl. Meteor. 1152 (1989). See also Pitter & Finnegan, Field Observations of Ice Crystal
Formation in Clouds at Warm Temperatures, 20 J. Weather Mod. 54 (1988); Finnegan & Pitter,
Rapid Ice Nucleation by Acetone-Silver Iodide GeneratorAerosols, 20 J. Weather Mod. 51 (1988).
94. For discussion of instrumentation necessary to operate a cloud seeding project, see Griffith,
Seeding Modes and Instrumentation, 109 J. Irig. & Drain. Engr. 148 (1983).
95. Reinking & Meitin, Recent Progressand Needs in ObtainingPhysical Evidencefor Weather
Modification Potentials and Effects, 21 J. Weather Mod. 85 (1989); Changnon, A Perspective on
Weather Modification Evaluation, 18 1. Weather Mod. I (1986).
96. For a discussion of the lawyer's and the scientist's methods of deciding causation issues, see
Davis & St.-Amand, Proof of Legal Causation in Weather Modification Litigation: Rheinbold v
Sumner Farmers,Inc., 7(1) J. Weather Mod. 127 (1975).
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though, that seeds less than all possible safe seeding opportunities chooses
to forego maximum water for the sake of accumulating data.'
In spite of the difficulties, experimenters do make evaluations. The
cost of doing so may be twice the cost of the seeding, and much data
massaging may be done long after projects have been wrapped up."
Commercial weather modification projects are routinely evaluated by
seeders in order to provide reports to sponsors and to help the seeders
maintain and improve their effectiveness. 99 These evaluations usually are
done annually and cover the impacts of a season of operations; they do
not look just at individual seeding events.
The capability of modern atmospheric water resources development
technology obviously is a matter of opinion based at least in part on
consideration of reports from many seeding projects, experimental and
commercial. National weather services approach cloud seeding conservatively, and WMO, which is made up of those agencies, tends to reflect
the views of its constituent membership. Its 1975 statement on the state
of weather modification knowledge gives no numbers, calls for further
experiments that meet its criteria for statistical design, and notes that
differing reports may reflect geographical and meteorological differences. '" By way of contrast, a 1984 capability statement of the Weather
Modification Association notes a 5 to 20 percent increase from winter
precipitation augmentation and promising results from summer seeding.'"'
It, however, explains that summer seeding evaluation from non-randomized commercial projects presents a difficult evaluation problem and that
results are not necessarily transferable. °2 "Differences in cloud microphysics, topography, seeding agent selection and dosage rates, and execution could alter these expectations."' 0' 3 The American Weather
97. The strengths and drawbacks of various evaluation techniques are discussed in C. Todd &
W. Howell, World Atlas & Catalog of Reported Results of Precipitation Management by Cloud
Seeding 60-61 (1985). The authors make the point that by looking at weather modification on a
global basis, a good case can be made for generally positive effects from cloud seeding. See also
Todd, Worldwide Evaluation for Credibility, 18 J. Weather Mod. 49 (1986).
98. There have been evaluations using decade-old data of Project Whitetop, the Israeli experiment,
and Grossversuch. See Dessens, supra note 46, and Gabriel & Rosenfeld, supra note 88.
99. E.g., Deseret News, July 5, 1989, at 28, col. 3 (evaluation of five county seeding project
in Idaho by North American Weather Consultants for the sponsoring governments). In the San Diego
case, the city fathers made their independent evaluation and decided it was the better part of valor
to disclaim legal responsibility for losses following Charlie Hatfield's activities by denying him
compensation-a correct result reached on spurious grounds. C. Osgood, supra note 5, at 162-63.
100. Review of the Present Status of Weather Modification, 35 Bull. WMO 140-44 (1986).
101. Weather Mod. Ass'n, Weather Modification CapabilityStatement, 22 J. Weather Mod. 187

(1990).
102. Id.
103. Id. See also Weather Mod. Ass'n, Weather Modification: Some Facts About Seeding Clouds
9 (1984).
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Modification Advisory Board also took a generally positive view of capabilities. "
It now is recognized that human activities other than cloud seeding
also change the weather. This inadvertent weather modification additionally complicates the process of evaluating international cloud seeding.
As early as 1818, it was established that the center of the city of London
had higher temperatures than the nearby countryside-the urban heat
island effect."°s This increased temperature, coupled with other anthropogenic changes such as increased production of particulates in the atmosphere and wind changes, is thought to have been responsible for the
so-called "LaPorte Anomaly"-an increase in precipitation at LaPorte,
Indiana, downwind from Chicago that appeared to be related to the weekly
cycle of human activities in the city."°' During 1971-1976, the Metro-

politan Meteorological Experiment (Metromex) carried out field studies
in the St. Louis, Missouri, area (a metropolitan area comparatively isolated from other American urban areas) which collected data from an
extensive network of rain gauges and other instruments. Metromex data
indicate a 25 percent urban-related increase in summer precipitation in
and downwind of St. Louis and a one-third increase in hailstorm periods
and thunderstorms. 7
During the 1980s, there has been increasing evidence of human-related
world-wide climate change. This data, which is less specific than Metromex, tends to show a greenhouse effect, a global increase in temperature."°8 Not only will this further complicate evaluation of intended
weather modification, but also will of itself have meteorological and
104. 1 Weather Mod. Advisory Bd., supra note 17, at 44-63. For the current policy statement
of the American Meteorological Society about weather modification capabilities, see Planned and
Inadvertent Weather Modification: A Policy Statement of the American Meteorological Society as
Adopted by the Council on Sept. 27, 1984, 65 Bull. Am. Meteor. Soc'y 1322 (1984).
For a long list of evaluations of seeding projects throughout the world, see Todd & Howell,
Repeatability of Strong Responses on Precipitation Management, 17 J. Weather Mod. 1, 5-6 (1985).
105. Landsberg, Inadvertent Atmospheric Modification Through Urbanization, Weather and Climate Modification, supra note 26, at 726. For a bibliography of publications on urban weather, see
T. Chandler, Selected Bibliography on Urban Climate 134 (1970).
106. Changnon, The LaPorte Anomaly-Fact or Fiction?, 49 Bull. Am. Meteor Soc'y 4 (1968).
See also Hotlzman & Thom, The LaPorte Precipitation Anomaly, 51 Bull. Am. Meteor. Soc'y 335
(1970); Changuon, Reply, 49 Bull. Am. Meteor. Soc'y 337 (1970).
107. Metromex: A Review and Summary 4, AMS Meteor. Monograph No. 40 (S. Changnon ed.
1981); Changnon, Inadvertent Weather Modification, 12 Water Res. Bull. 695 (1976).
The legal aspects of inadvertent weather modification are considered in Davis, supra note 10;
Davis, Unintended Weather Modification and the Law, in Multidisciplinary Research Related to the
Atmospheric Sciences 253 (M. Glantz ed. 1978). For discussion of the societal and environmental
consequences of inadvertent weather modification, see Inadvertent Weather Modification Workshop
§7, Center for Environment & Man Rep. 4215-604 (1977).
108. Congressional hearings on the greenhouse effect include National Energy Policy Act of 1988
and Global Warming: Hearings on S. 2667 Before the Senate Comm. on Energy and Natural Res.,
100th Cong., 2d Sess. 1037 (1988); The National Climate ProgramAct and Global Climate Change:
Hearings Before the Subcomm. on Natural Resources, Agric. Research and Environ. and the Subcomm. on Int'l Scientific Cooperation of the Comm. on Science, of the House Comm. on Space and
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hydrological impacts which are important and which must be addressed
through laws and diplomatic exchanges."'9
Against all of this, Recommendation V's call for making prospective
environmental assessments of specific weather modification activities and
communicating them to all concerned nations seems optimistic. However,
broad pre-project assessment can be done. There have been technology
assessments of hail suppression and of the Colorado River Besin snowpack augmentation proposal. These studies, carried out under the Technology Assessment Act of 1972, "' considered not only the meteorological
consequences of cloud seeding, but also looked at attendant hydrological,
social, economic, political, legal, and environmental consequences."1'

They drew from literature on the social effects of altering precipitation
or reducing hail,' the economic consequences of precipitation enhancement or hail suppression," 3 ecological and environmental possibilities
associated with cloud seeding,"" and the legal consequences of all that.'
Technology, IOth Cong., 1st Sess. 47 (1987); Carbon Dioxide and the Greenhouse Effect: Hearings
Before the Subcomm. on Investigations & Oversight and Subcomm. on NaturalResources, Agric.,
Research & Environ., of the House Comm. on Science & Technology, 98th Cong., 2d Sess. 2021
(1984). See also Houghton & Woodwell, Global Climate Change, 260 Sci. Am. 36 (1989). Policy
development is discussed in Robinson & Hill, TowardA Policyfor Climate Impacts, 68 Bull. Am.
Meteor. Soc'y 769 (1987); Jager, Climatic Change:Floating New Evidence in the CO2 Debate, 28
Env't 6 (1986). Intemational law and climate change is discussed in Taubenfeld, The Atmosphere:
Climate Change, Politics and World Law, 10 Den. J. Int'l L. & Pol'y 469 (1981).
109. See infra text at notes 186 and 187.
110. Technology Assessment Act, 2 U.S.C. §§ 471-74 (1988). M. Jones, ATechnologyAssessment
Methodology, Mitre Corp. Rep. 6009 (1971) (outlines how to do a technology assessment).
I 1. S. Changnon, R. Davis, B. Farhar. J. Haas, I. Ivens, M. Jones, D. Klein, D. Mann, G.
Morgan, S. Sonka, E. Swanson, C. Taylor & J. Van Blokland, Hail Suppression: Impacts and Issues
(1977); L. Weisbecker, The Impacts of Snow Enhancement: Technology Assessment of Winter
Orographic Snowpack Augmentation in the Upper Colorado River Basin (1974).
112. For examples of sociological studies, see Farhar,Community Response to ProposedSnowpack
Augmentation in the Sierra Nevada Mountains, 9 J. Weather Mod. 154 (1977); Haas, SocialAspects
of Weather Modification, 54 Bull. Am. Meteor. Soc'y 647 (1975).
113. Economics of weather modification is considered in Sonka & Easterling, Assessing the
EconomicBenefits of PlannedWeatherModification, Proc. Tenth Conf. on Weather Mod. 280 (1986);
S. Sonka, Economics of Weather Modification: A Review (1979) (Rep. to Ill. State Water Survey);
see also Schaffner, Johnson, Vniegdenhl & Eng, Economic Effects of Added Growing Season Rainfall
on North Dakota Agriculture (1983) (Agric. Econ. Rep. No. 172, on file at N.D. State Univ.).
* 114. Illustrative studies of the ecological and environmental impacts of weather modification
include C. Cooper & W. Jolly, Ecological Effects of Weather Modification: A Problem Analysis
(1969); K. Harper, Potential Ecological Impacts of Snowpack Augmentation in the Uinta Mountains,
Utah (1981); D. Klein, Environmental Impacts of Artificial Ice Nucleating Agents (1978); H. Steinhoff
& J. Ives, Ecological Impacts of Snowpack Augmentation in the San Juan Mountains, Colorado
(1976).
115. See, e.g., Davis, Legal Response to EnvironmentalConcerns About Weather Modification,
14 J. Appl. Meteor. 681 (1975).
The National Environmental Policy Act requires preparation of environment impact statements in
connection with federal projects that have a significant effect on the human environment. 42 U.S.C.
§ 4332(2)(c) (1982). In compliance therewith, assessments have been undertaken of environmental
and other societal factors associated with federal weather modification projects. See, e.g., Final
Environmental Impact Statement: Project Skywater (1977). UNEP has been considering a similar
procedure which could assist it in its mission to preserve the global environment. See Bonine,
EnvironmentalImpact Assessment-PrinciplesDeveloped, 17 Envtl. L. & Pol'y 5 (1987).
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Also, an environmental assessment was made of Stormfury-Pacific, a
proposed shift of the American hurricane seeding program from the Atlantic to the central Pacific. "6 Seeding at the headwaters of an international

river, such as the Colorado, or over the ocean upwind from maritime
nations, can raise international legal issues." 7 Providing an assessment
of the environmental consequences of such activities may be costly, but

it is within the range of possibilities so long as everyone*is willing to
accept the inherent uncertainties of weather modification evaluation.
VI. DAMAGE FROM WEATHER MODIFICATION ACTIVITIES
Recommendation VI. Weather modificationactivitiesshouldbe conducted
in a manner designed to ensure that they do not cause damage to the
environment of
other States or of areas beyond the limits of national
8
I
jurisdiction.
Given the uncertainties in evaluating weather modification, proof of a
causal connection between cloud-seeding and environmental damage is
a formidable task. It is rendered more difficult by inclusion of seeding
suspension criteria in weather modification project designs. Currently
most operational plans call for automatic seeding cessation when certain
meteorological conditions are present. For example, in snowpack augmentation programs, when snow on the ground reaches a prescribed
percentage of normal depth, seeding will be suspended. Or, precipitation
enhancement seeding will not be allowed when severe storms are forecast." 9 Suspension criteria could be so tight they prevent seeding whenever an opportunity arises, or so loose they are meaningless.Io Project
meteorologists also may fail to recognize weather conditions under which
they should not operate. But modifiers try not to seed when they believe
seeding either will cause harm or it will likely be perceived as doing so.
Difficulties proving 'causal linkage between cloud seeding and losses
usually have been sufficient to discourage would-be litigants from going
beyond the talking stage. But the perception of weather modificationrelated harm has fathered some private litigation. One class of claimants
consists of persons within target areas who have asserted that various
116. Environmental Impact Assessment of Project Stormfury-Pacific, Stanford Res. Inst. Project
4421 (1976).
117. See also discussion of Recommendation VI, WMO/UNEP Report, text accompanying infra

note 118.
118. Cf. discussions of Recommendations I and V, WMOIUNEP Report, supra note 12.
119. In states with full regulatory programs, sponsors of proposed weather modification projects
need to obtain yearly permits. In applications for permits, sponsors and their cloud seeding contractors
must set forth project designs which include specific seeding suspension criteria. In carrying out
seeding programs, weather modifiers must conform to approved seeding criteria. Failure to do so
is grounds for revocation of the permit. See, e.g., Davis, Weather Modification ControlAct. 37
Suggested State Legislation 9 (Council of State Gov'ts, 1978).
120. At times it is necessary to fine-tune suspension criteria so project operators can seed as often
as possible, consistent with safety and public relations concerns. See, e.g., Changnon, Davis &
Orvill, Review and Recommendations on the Use of Safeguards in the North Dakota Weather
Modification Program (1986) (Rep. to N.D. Dep't Nat. Res.).
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kinds of hydrometeorological conditions were the result of cloud seeding
and either those conditions damaged them or could do so unless stopped.
Slutsky v. City of New York,' 2 1 the earliest case involving cloud seeding,
was an unsuccessful effort to prevent the city from augmenting its water
catchments through a weather resources management program. The court
found the plaintiffs did not prove the cloud seeding caused sufficient
additional precipitation to harm them. The Slutsky case additionally dealt
with an allegation of losses from flooding on the ground within the target
area, something also not proven in the trial." 2
A complaint sometimes voiced in hail suppression cases is that seeding
decreased target area precipitation. This assertion stems from a belief that
hail suppression reduces precipitation-something as yet unproven by
studies. There has been, however, a case which upheld a temporary
restraining order banning hail suppression over litigants' lands. " It is the
only reported judicial decision in which private litigants have obtained
relief. "
Persons outside target areas also have believed they have been victims
of upwind or upstream cloud seeding. The most common claim is that
by seeding upwind the defendants have rustled precipitation rightfully
belonging to the claimants. This assertion is based on the idea that upwind
modifiers have "robbed Peter to pay Paul," a view of the real world of
precipitation based on the simplistic notion that water in the atmosphere
is like water in a stream. That, of course, is not the case. " Nevertheless,
complaints of upwind seeding-induced drought persist-sometimes from
people many miles downwind. 2 Evidence
27 indicates that, if anything,
seeding has a positive downwind effect.'
121. 197 Misc. 730, 97 N.Y.S.2d 238 (Sup. Ct. 1950).
122. Id. See R. Davis, The Legal Implications of Atmospheric Water Resources Development
and Management §7.6 at 47 (1968).
123. Southwest Weather Research, Inc. v. Rounsaville, 320 S.W.2d 211 (Tex.Civ. app. 1958)
and Southwest Weather Research, Inc. v. Duncan, 319 S.W.2d 940 (Tex. Civ. App. 1958), both
aff'd sub nom. Southwest Weather Research, Inc. v. Jones, 160 Tex. 104, 327 S.W.2d 417 (1959).
124. Id. See Pennsylvania Natural Weather Ass'n v. Blue Ridge Weather Modification Ass'n, 44
Pa. D. & C.2d 749 (C.P. Fulton Co., Pa., 1965) (plaintiffs had not proven that the hail suppression
project in question had caused a precipitation decrease, but subject to seeding for authorized projects,
property owners had rights to the clouds over them); see also Pennsylvania ex rel. Township of Ayr
v. Fulk, No. 53 44 Pa. D. & C.2d 692 (C.P. Fulton Co., Pa., 1965).
125. Supra text at notes 17-26.
126. During 1989 and 1990, North American Weather Consultants operated a snowpack aug-

mentation program and a rainfall enhancement project in Utah's Wasatch Mountains which lie to
the east of Salt Lake City. Persons in eastern Utah more than a hundred miles away have raised the
question whether their current drought is in some way a consequence of the seeding. There also
have been complaints from Uinta County, Wyoming, where individuals have expressed their belief
that the seeding more than 50 miles upwind has diminished precipitation. Telephone interview with
Don Griffith, North American Weather Consultants (Aug. 15, 1989). See also, Deseret News, Feb.
25, 1990, at B 11,col. 1; Jan. 27, 1990, at B9, col. 2; Dec. 17, 1989, at B3, col. 1; Dec. 13, 1989,
at BI, col. 3; Nov. 18, 1989, at BI, col. 3.
127. For a study of the out-of-target area effects of seeding, see K. Brown, R. Elliot & J.
Thompson, Large Scale Effects of Cloud Seeding (1973) (Rep. to Bur. of Reclamation).
Although theoretical analyses of the natural and artificial precipitation processes suggest that cloud
seeding effects are rather localized, the physical evidence about extended area effects is weaker than
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A downwind precipitation increase can lead to claims of harm from
unwanted precipitation. To make such assertions stick, complainants must
prove that the seeding materials became entrained in the air mass and
drifted to the point where they would have had an effect on the precipitation that harmed them. In the only litigated case on the subject, a jury
found for the defendants cloud seeding organization and sponsors." The
plaintiff did not convince the jurors that the seeding had increased the
severity of the storm hitting his property.'"
A final type of case in which claims have been filed by persons outside
target areas concerns flood victims. For example, litigation was instituted
after the June 1972 Rapid City flash flood against the United States which
had financially underwritten a salt seeding experiment upstream in the
Black Hills.' 3 The litigation eventually died because of a class action
legal difficulty, but had it progressed there would have been a very difficult
factual problem of proving a causal connection between the flooding and
the salt seeding.' 3' It was the inability to establish causation that undercut
the claimants' arguments in the Yuba City, California, flood case.' 32
The historical reluctance of upwind countries to accept responsibility
for environmental damage in neighboring nations'33 suggests that extraterritorial environmental harm allegations relating to weather modification
programs also would be resisted. More convincing evidence than that
forthcoming thus far in private litigation would need to be used to establish
such international claims.
Assuming that, in some instances, damage to the environment can be
linked to weather modification, a further issue arises in private litigation
evidence concerning target area impacts. For purposes of complying with reporting requirements,
supplying information to sponsors and obtaining data for their own use, weather modifiers typically
instrument within a target area. They install little, if any, instrumentation outside the target area.
Extended area hydrometeorlogical information comes from comparatively sparsely located United
States Geological Survey gauging stations and National Weather Service stations. Hence, downwind
studies rest on inadequate data. Efforts to establish projects for the specific purpose of studying
extended area effects have been unable to attract research dollars. For discussion of one such proposal,
see Davis, Grant, Klein. Jones & Piernot, Integrating the Societal Component in the Proposed
Northern ColoradoTotal Area Mountain Seeding Project, 12 J. Weather Mod. 105 (1980).
128. Reinbold v. Sumner Farmers, Inc. and Irving P. Krick. Inc., No. 2734-C (Cir. Ct., Tusola
Co., Mich., 1974).
129. Id. This case is discussed in Davis & St.-Amand, Proofof Legal Causation in Weather
Modification Litigation:Reinbold v. Sumner Farmers,Inc. andIrving P. Krick, Inc., 7(l) J. Weather
Mod. 127 (1975).
130. Lunsford v. United States, 570 F.2d 221 (8th Cir. 1977).
131. Id. For discussion of whether the seeding contributed to the excessive rainfall and flooding,
see St.-Amand, Davis & Elliot, Report on Rapid City Flood of June 9, 1972, 5 J. Weather Mod.
318 (1973).
132. Adams v. California, No. 10112 (Sup. Ct. Sutter Co., Cal. 1954). The litigation is discussed
in Mann, The Yuba City Flood: A Case Study of Weather Modification Litigation, 49 Bull. Am.
Meteor. Soc'y 690 (1965).
133. For resistance of upwind nations to claims from downwind countries about acid rain, see
G. Wetstone & A. Rosencranz, supra note 32, at 155.
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(and could also arise in the international arena) over the motivation of
the sponsor and cloud seeder. Did they act with the object of harming
the complainant? Or was the damage simply a side-effect of a project
designed to benefit the sponsor? The only case in the United States
involving cloud seeding which has reached the Supreme Court concerned
such an issue. In FirstEnglish Lutheran Church of Glendale v. County
of Los Angeles," flooding downstream from a target area had followed
some county-sponsored seeding. The county adopted interim flood protection zoning which made it impossible for the church to restore and
use recreation properties it owned in the flooded area. 3 The Lutherans
sued in state court alleging a right to compensation for the "taking"
resulting from the zoning and for flooding losses due to the seeding."
The trial court granted the defense motion for a judgment on the pleadings
for the seeding count insofar as it rested on strict liability."37 The zoning
aspect of the case then went through California appellate levels and to
the federal Supreme Court, which ruled it could decide the zoning issue
even though the litigation process in the California courts respecting the
cloud seeding issue was not yet terminated. 3 ' There the matter rests.
Whether there is liability only for negligence or some other wrongful act
or whether legal responsibility can rest as well on strict liability has not
been resolved in case decisions. Arguments can be advanced for both
positions. 39
'
By making no reference either to the state of mind of the cloud seeder
or to negligence, Recommendation VI would appear to establish a strict
liability basis for its ban on causing environmental harm by cloud seeding.
The specific case which the Geneva conference experts had in mind,
though, was use of seeding as an environmental weapon during the Viet
Nam War." During that conflict, the United States Navy carried out a
rain enhancement project intended to impede enemy transportation by
augmenting rainfall from monsoon storms. That effort was stopped after
the Senate passed a resolution demanding its termination."4'
134. 482 U.S. 304 (1987).
135. Id. at 307.
136. Id. at 308.
137. Id. at 309-10, n. 3.
138. Id.
139. Pennsylvania and West Virginia have by statute provided for liability without fault; Texas
law says that cloud seeding is not an uliahazardous activity; and Utah immunizes weather modifiers

from trespass and nuisance liability for mere insertion of materials in the atmosphere. Pa. Stat. Ann.
tit. 3 § 1114 (Purdon Supp. 1989); Tex. Water Code Ann. § 18.152(a) (Vernon 1988); Utah Code
Ann. §73-15-7 (1980); W. Va. Code §29-2B-13 (1986).
140. WMOIUNEP Report, supra note 12, at 7.
141. S. Res. 71, 93d Cong., 1st Sess. 198 (1972). See also ProhibitingMilitary Weather Mod.
ification, Hearings on S. Res. 281, Before Subcomm. on Oceans & int'l Environment of the Senate
Comm. on Foreign Relations, 92 Cong., 2d Sess. 1789 (1972); Davis, Weather Warfare, 14 Ariz.
L. Rev. 659 (1973).
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In 1977, the United Nations adopted a convention entitled "Prohibition
of Military or Any Other Hostile Use of Environmental Modification
Techniques."142 Two and a half years later the Senate ratified the convention and it entered into force with respect to the United States in
1980.' 4 Parties to the convention undertook "not to engage in military
or any other hostile use of environmental modification techniques having
widespread, long-lasting, or severe effects as the means of destruction,
damage or injury to any other State Party. "'" Perhaps muddying trails
for a bit longer than nature would have does not have the effects condemned by the convention, but if it does, hostile Viet Nam-type seeding
is no longer open to signatories of the convention.
Fault does not appear as an element in Principle 21 of the Stockholm
Declaration on the Human Environment which imposes on countries "the
responsibility to ensure that activities within their jurisdiction or control
did not cause damage to the environment of other States or of areas
beyond the limits of national jurisdiction." ""This statement was referred
to at the Geneva meeting'" and its language was copied in Recommendation VI.
The leading international law decision stating that nations which bring
harm to other countries have an obligation to compensate them for such
losses is the TrailSmelterArbitration.47 This arbitral proceeding involved
damages in the State of Washington from a smelter located across the
international boundary in Trail, British Columbia. The tribunal declared
that:
[U]nder the principles of international law, as well as of the law of
the United States, no State has the right to use or permit the use of
its territory in such a manner as to cause injury by fumes in or to
the territory of another or the properties or persons therein, when
the case is of serious consequence and the injury is established by
clear and convincing evidence.'"
In another important international arbitration, the Lake Lanou.x Case'49

between France and Spain, the French proposed to divert waters from an
142. May 18, 1977, 31 U.S.T. 333, T.I.A.S. No. 9614, 127 U.N.T.S. 143 (ratified December
13, 1979).
143. Id.
144. Id. at art.
I. According to the "understandings" related to the convention, these terms are
interpreted as follows:
(a) "widespread": encompassing an area of the scale of several hundred square kilometers;

(b) "long-lasting": lasting for a period of months, or approximately a season;

(c) "severe": involving serious or significant disruption or harm to human life, natural and economic
resources or other assets.
Quoted in Senate Exec. Rep. 16, 96th Cong., Ist
Sess. 13-14 (1980).
145. 1972 Y.B. 320, 321, U.N. Sales No. 1972.E.74.I.L.
146. WMO/UNEP Report. supra note 12, at Intro. and § 5.2.
147. 3 Rep. Int'l Arb. Awards 1964 (1949); 3 U.N. Rep. 1904, 35 Am. J. Int'l L. 684 (1941).
148. Id. at 716.
149. Lake Lanoux Arbitration (France v. Spain), 24 1.L.R. 101 (November 16, 1957).
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international stream shared by the two nations and then replace it with
water of the same quality and quantity. The tribunal noted:
As a matter of form, the upstream State has procedurally, a right of
initiative; it is not obliged to associate the downstream State in the
elaboration of its projects. If, in the course of discussions, the downstream State submits projects to it, the upstream State must examine
them, but it has the right to give preference to the solution contained
in its own project, provided it takes into consideration in a reasonable
manner the interests of the downstream State. 150
A nation need not await the consent of another country before proceeding
with its water projects; at least it can act if it does no damage to the other
country. There are no public international law cases dealing with cloud seeding.
Accordingly, it is necessary to proceed by argument from analogy. 5' Trail
Smelter applied to cloud-seeding, rather than air pollution, would support
the notion that damages are payable by a country from which an atmospheric water resources project is launched to a nation harmed by the
project. Lake Lanoux applied to weather modification, rather than surface
water resources development, would support the proposition that downwind and downstream countries cannot prevent the seeding project. If a
seeding country fails to take the interests of the downwind or downstream
country "into consideration in a reasonable manner," Recommendation
VI, although it does not speak to any remedy, upholds the proposition
that countries should not cause environmental damage to their neighbors.
VII. CONSULTATION CONCERNING WEATHER
MODIFICATION ACTIVITIES
Recommendation VII. A State under whosejurisdictionor control weather
modification activities are planned or are taking place which are likely
to have an effect on areas outside its nationaljurisdiction should, upon
the request of a concerned State, either directly or through WMO, enter
into timely consultation concerning such activities.'
International consultation about present or future cloud seeding activities which likely will have an effect beyond the national jurisdiction of
a country above which the seeding is taking place involves talking about
human-altered weather, and talk is the mother's milk of diplomacy. The
language of Lake Lanoux supports the position of Recommendation VII
150. Id. at 115.
For discussions of theories and trends in international water law, see Utton, ImernationalStreams
and Lakes, 2 waters & Water Rights § 150.1, 150.2 (R. Clark ed. 1967).
151. Laws relating to one part of the hydrologic cycle have been applied to other parts. Davis,
Adapting Surface Water Law to Atmospheric Water Resources, Proc. Nat'l Symposium on Water

Resources Law (1986) (Am. Soc'y Agric. Engr.)
152. See also WMO1UNEP Report, supra note 12, at Recommendation VI.
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that there should be such communication. 53 If a nation from which a
weather resources management project is to be initiated gives timely
notification in accordance with Recommendation IV, the country receiving
the notice is able to pursue its right to discourse about the seeding activity.
Similar limitations to those inherent in several of the WMO/UNEP
recommendations condition the consultation requirement. Predominant
among them again is the causation problem; discussions need to be entered
only when atmospheric water harnessing is "likely to have an effect on
areas outside" the jurisdiction of the place where the project is located.
Severe storm treatment by seeding hurricanes rather effortlessly leaps this
hurdle. But is French hail suppression in the Pyrenees foothills as likely
to be viewed by the French as having an impact on Spain as is French
diversion of a river shared by the two countries?' Greek precipitation
enhancement 55 and hail suppression 56 project literature does not suggest
any effects of the seeding on Albania, Bulgaria or Turkey. Given the not
always friendly relations among Balkan nations, it is easy to hypothesize
that complaints about Greek seeding might well be met with either stoney
silence or denials from the Greek government. National interest may well
color the view of whether or not there is an effect.
Although the Caribbean and Atlantic nations took relatively little interest in American notices about Stormfury-Americas,' when the United
States decided to move its tropical storm seeding research to the Pacific
Ocean where greater distances permitted treating more cyclones than in
the Atlantic, 58 officials of Mexico, Japan, China, and the Philippines all
had sufficient interest to discuss the proposed move with the United States.
The principal fear voiced by some Mexican officials was that there could
be diminution of rainfall associated with tropical storm treatment."59 The
Japanese and Chinese did not want to have the project implemented. In
Japan environmental concerns about possible damages dominated thinking. '60 The Philippine reaction was favorable.''
153. Lake Lanoux Arbitration (France v. Spain), 24 I.L.R. 101 (November 16, 1957).
154. Dessens, supra note 79.
155. Dalezios & Christodoulou, Feasibility of Rain Enhancement of Northern Greece, 2 Proc.
Fifth WMO Sci. Conf. on Weather Mod. 325 (1989).
156. Flueck, Solak & Karacostas, Results ofAn ExploratoryExperiment Within the GreekNational
Hail Suppression Programin Greece, 18 J. Weather Mod. 51 (1986).
157. Memorandum from William Mallinger, Ass't Manager for Field Res. Operations, Nat'l
Oceanic & Atmos. Admin., to Merlin Williams, Acting Dir. of Weather Modification, Environmental

Res. Lab. (Feb. 13, 1976).
158. EnvironmentalImpact Assessment of Project Stormfury-Pacific Table VIII-1, Stanford Res.
Inst. Project 4421 (1976).
159. Report from R. Gentry, Dir. Nat'i Hurricane Res. Lab., regarding trip to Mexico City to
participate in Hurricane Preparedness Seminar (May 25-28, 1972).
160. A. Dennis, supra note 21, at §9.6.
161. Navy cooperation with the Philippines in rain-making probably conditioned that country
to lean toward acceptance of the project. See supra text at note 54.
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At one time western Mexico was considered as a base for seeding
tropical storms. If that had been the case, Mexico clearly would have
been a country with a legitimate concern. As its plan was evolved, Stormfury was to involve seeding from Guam in the central Pacific. 62 Given
the seeding criteria, China was unlikely to have been affected by any
seeding. China had no reasonable concern. Consultation is necessary only
with nations having a legitimate concern.
The kind of consultation anticipated by Stormfury-Atlantic planning
documents involved "scientific discussions, comments and recommendations." Also there was limited international participation in field experiments.' 3 Such cooperation is in the spirit of Principle Number 24 of
the Stockholm Declaration on the Human Environment which declares
that:
International matters concerning the protection and improvement of
the environment should be handled in a co-operative spirit by all
countries, big or small, on an equal footing. Co-operation through
...appropriate means is essential to effectively control, prevent,
reduce and eliminate adverse environmental effects resulting from
activities conducted in all spheres, in such a way that due account
is taken of the sovereignty and interests of all States.'"
More, however, is involved in consultation than mere interaction among
scientists from different lands. There should be joint deliberation among
government officials examining some common problem. 65
After deciding not to undertake seeding in the Pacific Ocean, possibly
because of foreign objections and possibly for other reasons, the Stormfury Project went looking for another ocean-the Indian Ocean. Tropical
storms along Australia's western and northern coasts have been devastating."' So the United States entered into consultations with Australia
about operating a cyclone seeding project from Perth, Western Australia.
The discussions floundered on a demand that the United States hold
harmless the Australian government for any legal liability associated with
the seeding. 6 7 American Stormfury negotiators had no authority to make
162. Under the seeding eligibility rules, a typhoon had to be within 700 miles of Guam. The

Mariana, Caroline, and Bonin Islands are within that circle. Environmental Impact Assessment of
Project Stormfury-Pacific Fig 111-1, Stanford Res. Inst. Project 4421 (1976).
163. Environmental Research Laboratories, Program Development Plan: Stormfhu-America: 197678 41 (1975).
164. 1972 U.N. Y.B. 321, U.N. Sales No. E.74.1.1.
165. For discussion of the extent of consultation required in the typhoon seeding context, see
Davis, International Legal Implications of Project Stormfury-Americas § 3.2 (1976) (Rep. to Nat'l
Oceanic & Atmos. Admin.).
166. See, e.g., Holland & Keenan, Tropical Cyclone Kerry: A Case Study, Proc. Int'l Conf. on
Tropical Cyclones sess. 1 (1979).
167. Id. at sess. 4, Willheim, Legal Aspects ofArtificialCyclone Modification.
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that commitment. ' As a practical matter, since Australia controlled the
bases from which seeding and support aircraft would operate, the Australians exercised a veto power over the project. Stormfury-Australia
never got further off the ground than did Stormfury-Pacific.
Like Recommendation IV on notification, Recommendation VII on
consultation makes provision for the unfriendly neighbor case. WMO is
the designated intermediary through which timely consultation can take
place. Diplomatic discussions through. third parties are not unusual, but
certainly meaningful talk about weather modification when the principals
are not in direct communication is more difficult than mere notification
that weather modification activities are going to take place.
VIII. INTERNATIONAL COOPERATION AND AGREEMENTS
Recommendation VIII. States should encourage andfacilitate internationalco-operationin weathermodificationactivities, including research,
and as may be appropriate,conclusion of bilateral, regional or multilateral agreements."'9
There are two related suggestions in Recommendation VIII: international cooperation in weather modification activities, and entry into international agreements. Agreements may lead to cooperative cloud seeding
activities; cooperation in weather resources management may result in
strengthened ties through adoption of international agreements. Weather
and climate change have produced illustrations of cooperation and agreement at work.
Cooperation may take varied forms. There may be information exchange about weather modification activities as is the case between the
United States and Canada. WMO's Register of cloud seeding projects
depends for its accuracy upon cooperation by member nations in responding to its questionnaires. The Precipitation Enhancement Experiment (PEP)
of WMO was a cooperative international research effort. 70 Technology
transfers also are cooperative efforts-the kind of7 good neighborliness
discussed in connection with Recommendation II.1 1
Beyond information exchange, cooperation can take the form of joint
weather modification projects across political boundaries. In the United
States there have been several examples of multi-state cooperation on
operational cloud seeding. Texas weather modification regulators issued
a seeding permit to a modifier to operate generators in Texas in order to
168.
ments.
169.
170.
171.

See id. at Davis, Modification of Tropical Cyclones: Intergovernmental Liability ArrangeCf. WMOIUnep Report, supra note 12, at Recommendation II.
See also supra text at notes 41-44.
See also supra text at notes 41-50.
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seed an Oklahoma target area. 7 2 Arizona authorities gave permission for
setting up equipment in that state to seed in Utah. 73
' North Dakota, which
has a state-local weather modification program, cooperated with sponsors
of a northwestern South Dakota project in order to provide information
useful for operation of the South Dakota seeding activity. 4 Perhaps the
most striking instance of multi-state activity is the project jointly funded
by northern Utah and southern Idaho counties to augment precipitation
over areas of both states.'" There also have been instances of state-to-

state cooperation by refusal of one state's authorities to license cloud
seeding in their state in order to keep
7 6 possible negative impacts from
taking place in a neighboring state.1
The North American Interstate Weather Modification Council is an

association of cloud seeding regulatory and operational organizations from
Mexico, Canada, and the United States.177 It is a forum for administrative
officials to exchange information about control over weather alteration

activities in their jurisdictions. Although it has provided a multi-national
avenue of cooperation, the Council has not undertaken any joint projects,
nor has it coordinated any international activities. '71
There have been several international cooperative research and operational weather modification projects. The Canadians supplied equipment
and staff to work with the United States Bureau of Reclamation contractors
doing precipitation enhancement field experimentation out of the Miles
City, Montana, airport as part of HIPLEX, the High Plains Cooperative
Experiment. " The Bulgarians and Yugoslavs worked out a cooperative
arrangement for sharing instrumentation, data, and analyses for hail
suppression work along their common border. "sThe Italian and Yugoslav
172. Interview with Howard Taubenfeld, Chairman, Texas Weather Modification Advisory Bd.,
in Denver, Colo. (Apr. 6, 1976).
173. Interview with Keith Brown, Pres., North American Weather Consultants, in Salt Lake City,
Utah (Mar. 24, 1984).
174. Interview with Lynn Rose, N.D. Cloud Seeding Coordinator, in Bismarck, N.D. (Mar. 10,
1978).
175. See Davis, WeatherModificationInterstate Legal Issues, 15 Idaho L. Rev. 555, 557 (1979).
176. Interview with John Donnan, S.D. Cloud Seeding Dir., in Sioux Falls, S.D. (Feb. 17,

1976).
177. Keyes, NAIWMC-Formation and ItsActivities Through 1975, 8 J. Weather Mod. 157, 161
(1976).

178. Since resignation of its executive director in 1988, the Council has greatly reduced its
activities. Interview with Conrad B. Keyes, former NAIWMC Exec. Dir., in Durango, Colo. (July
1o, 1990).
179. Memorandum of Understanding between the Bureau of Reclamation of the United States of
America, The Atmospheric Environment Service and the National Research Council of Canada on
Cooperation in the 1979 High Plains Cooperative Experiment, June 11-20, 1979, United StatesCanada, 30 U.S.T. 6351, T.I.A.S. No. 9559.

180. Agreement on Co-operation In the Field of Hail-Suppression, October 14, 1972, YugoslaviaBulgaria, art. 1, 24 Europ. T.S. 297. This agreement specifically notes that each country should
"undertake all necessary steps to avoid violations of the air-space and territory" of the other while
suppressing hail. Id. at art. 5.
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governments have established a joint hail suppression project which involves joint funding, operation, and control over a common operation
carried out by the two countries.''

Technology transfer arrangements, information sharing, and joint operations have led to bilateral international agreements. Canadian participation in HIPLEX was governed by a memorandum of understanding
between the United States and Canada.' 82 The United States Navy's Philippine drought-relief seeding was carried out under an agreement between3
the two governments effected by an exchange of diplomatic notes.1
Yugoslavia has entered into agreements with its Italian, Bulgarian, Hungarian, and Romanian neighbors regarding joint weather modification
activities.' 8 (Constituent political entities within Yugoslavia also have
entered into mutual weather modification agreements.) And, of course,
WMO's PEP experiment involved a multi-national agreement. Countries
wishing to be part of PEP were required to provide a note to that effect
and to designate their participating agency.85
What has been conspicuously lacking, however, is agreements establishing legal norms governing cloud seeding--the sort of thing that the
WMO/UNEP effort started out to do. Now that there is increasing scientific consensus on climate change, we are starting to see adoption of
international substantive agreements such as the Vienna Convention for
the Protection of the Ozone Layer'" and the Montreal Protocol on Substances that Deplete the Ozone Layer. 7 Since its inception, persons have
talked about international legal rules governing atmospheric water resources development through scientific cloud seeding. The belief nevertheless persists that the science is too immature for creation of legal
norms. Perhaps, as has been the case with inadvertent climate modification, further scientific development will spawn international substantive
legal norms. Until that time, the eight principles recommended by the
WMO/UNEP Report form the best foundation we have as a framework
for customary international law of weather modification.
181. Convention on the Anti-Hail Common Defense, July 10, 1984, Italy-Yugoslavia, Gazzetta
Ufficiale della Repubblica Italiana No. 188, p. 5715. See Primozic & Vento, The ltalo-Yugoslav
Anti-Hail Defense, 18 J. Weather Mod. 28 (1986).
183. Lake Lanoux Arbitration (France v. Spain), 24 I.L.R. 101 (November 16, 1957).
183. Meteorological Research Cloud-Seeding Project Agreement, April 24, 1969, United StatesPhilippines, 20 U.S.T. 697, T.I.A.S. No. 6676.
184. Dimitrievski, Weather Modification Yugoslavia, in Proc. Tenth Conf. on Weather Mod. 353
(Arlington, Va., 1986), refers to joint agreements between Yugoslavia and Bulgaria, and between
Hungary and Romania. It also notes cloud seeding laws enacted within Yugoslavia by Serbia,
Slovenia, and Cosovo. For another account of current Yugoslav work, see Radinovic, Effectiveness
of Hail Control in Serbia, 21 J. Weather Mod. 75 (1989).
185. See Agreement on PEP, supranote 42, at §§ 14, 17(a), and 19(a).
186. 26 Int'l Legal Materials 1516 (1987). The United States has ratified the Convention. Id.
See Treaty Doc. 99-9, 99th Cong., 1st Sess. 1291 (1985).
187. 26 Int'l Legal Materials 1541 (1987). The United States has ratified the Protocol. Id. See
Treaty Doc. 100.10, 100th Cong., 1st Sess. 876 (1987).

